Gastrostomy is often performed with fundoplication in handicapped children. We devised a new laparoscopic triangle fixation technique for gastrostomy.
INTRODUCTION
In neurologically impaired children with gastroesophageal reflux disease, gastrostomy is often performed simultaneously with fundoplication. 1, 2) In our institution, the conventional procedure (CP) entailed suturing the stomach wall to the peritoneum around the gastrostomy tube under direct vision, which was achieved by extending the incision ventral to the gastric corpus to approximately 3 cm in length. Both ends of the extended wound were closed after tube insertion. However, infection and external leakage occasionally occurred, which sometimes led to wound dehiscence at the open site. Since 2011, we have devised a new laparoscopic procedure (NLP) for gastrostomy that does not require extending the incision to avoid these complications. Here, we describe the straightforward NLP and compare the complication rates between the two procedures.
PATIENTS AND METHODS

Methods
We retrospectively reviewed the medical records of all patients who underwent gastrostomy tube placement after laparoscopic fundoplication at our hospital. The study protocol was approved by the ethics committee of our hospital and conforms to the provisions of the Declaration of Helsinki.
Between January 2008 and January 2016, 100 gastrostomy tube placements with laparoscopic fundoplication were performed at our institution. A total of 37 pediatric patients were treated with the CP, and 63 pediatric patients were treated with the NLP. The ordinary port placement of laparoscopic fundoplication is shown in Fig. 1a . The operation is performed using 3 ports (circle) (ENDOPATH XCEL ® Bladeless Trocar, 5 mm, Ethicon, USA) and 2 port-less forceps (triangle). A gastrostomy tube (Neofeed gastrostomy tube ® , balloon type, 14 Fr, TOP Corporation, Tokyo, Japan) was inserted through the incision just ventral to the gastric corpus, which was also used as the route for grasping the stomach to facilitate visualization during fundoplication.
Surgical Techniques Conventional Procedure (CP)
Between January 2008 and December 2010, all pediatric patients were treated with the CP. In these cases, the incision for gastrostomy was extended to approximately 3 cm (Fig. 1a , arrow), and the gastrostomy tube was inserted into the stomach under direct vision. After creating a purse-string ligature at the gastric wall to avoid leakage around the tube, the anterior wall surrounding the tube was sutured at the seromuscular layer to the peritoneum of the abdominal wall with three or four stitches under direct vision. The incision was then sealed with sutures, leaving the tube secured in the middle of the incision.
New Laparoscopic Procedure (NLP)
After January 2011, all pediatric patients in this study were treated with the NLP. Three 3-0 absorbable monofilament sutures were laparoscopically placed at the seromuscular layer of the gastric wall, forming the three sides of an equilateral triangle (Fig. 1b) , and the gastrostomy tube was inserted in the center of the triangle. The ends of each suture were pulled directly through the abdominal wall using a laparoscopic percutaneous extraperitoneal closure (LPEC) needle (LAPA-HER-CLOSURE™, Hakko Medical, Nagano, Japan), attaching the gastric wall to the peritoneum as described in another study.
3) For each suture, the LPEC needle was percutaneously inserted at the same point, and different subcutaneous routes were used to secure each knot (Fig.  1c) . The points where the sutures were pulled out from formed an equilateral triangle with the incision in the center (Fig. 1d ).
An electrocautery needle was inserted in the incision under laparoscopic supervision, in order to penetrate the gastric wall. The cranial suture was then pulled up toward the abdominal wall, and the caudal gastric wall was secured with two forceps (left and right), forcing the anterior gastric wall into a tense plane, in order to avoid puncturing the posterior wall ( Fig. 1e ). After inserting the gastrostomy tube and inflating the balloon, 50-100 mL of air was injected into the stomach, to ensure the tube was correctly placed. At this point, the three 
Statistics
Fisher's exact test, chi-square test, and Mann-Whitney's U test were used to compare the clinical data between the CP and NLP groups. P-values < 0.05 were considered statistically significant.
RESULTS
Patients' demographic data and surgical complications on gastrostomy are shown in Table 1 . The age and body weight of the NLP group were not significantly different from those of the CP group (P = 0.81 and 0.85, respectively). Incidental intraperitoneal malposition of the gastrostomy tube was not found in both the groups. The incidence of leakage around the gastrostomy tube was not significantly different between the CP and NLP groups. Wound dehiscence was more frequent in the CP (n = 3) than in the NLP group (n = 0), although without significance. In contrast, the infection rate was significantly lower in the NLP group compared to that in the CP group (n = 0 vs. n = 4; P = 0.01). The total complication rate was also significantly lower in the NLP group compared to that in the CP group (n = 5 vs. n = 12; P = 0.002), supporting that the NLP would be a better procedure in gastrostomy with fundoplication.
DISCUSSION
In our country, a transnasal feeding tube is the primary device used to treat pediatric patients with neurological impairment or failure to thrive. Although the transnasal tube is a simple and effective method of tube feeding, constant irritation to the throat, the possibility of accidental dislodgement, and occasional difficulty in insertion count as distinct disadvantages associated with its use. In such cases, a gastrostomy may be preferred. Therefore, a gastrostomy is usually performed in neurologically impaired children in whom fundoplication is necessary.
Multiple techniques have been reported in performing a gastrostomy. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Historically, the predominant approach was an open gastrostomy, commonly performed using the Stamm technique, which involves suturing the anterior stomach to the abdominal wall to secure the gastrostomy tract. 4) We had been using this technique during the CP. Although relatively simple and easy to perform, the open Stamm gastrostomy has been associated with a notable incidence of complications including wound infections, bleeding, and skin erosions with leakage around the tube. A previous study reported that approximately 13% of patients developed wound infection and 5-20% developed leakage around the gastrostomy site. 5, 14) Our study also showed a significantly higher rate of wound infection in this group compared to that in the NLP group.
A Stamm gastrostomy was modified to a laparoscopic Stamm gastrostomy. 15) This technique showed good outcomes associated with purse-string suturing and fixation of the stomach to the abdominal wall using the needle loop, without extending the port incision. Although this technique was feasible, we consider it a slightly complicated procedure. However, the study describing the modified Stamm gastrostomy was limited by a small sample size (N = 16) and reported findings of a single surgeon. It is necessary to perform further research using a larger sample size.
Presently, percutaneous endoscopic gastrostomy is a standard gastrostomy technique utilized in both adult and pediatric patients. 16, 17) However, percutaneous endoscopic gastrostomy is associated with serious complications including the risk of injury to other organs, bleeding, and dislodgement, among other adverse events. [18] [19] [20] [21] An author has suggested laparoscopic-assisted percutaneous endoscopic gastrostomy as a technique that can reduce the risk of organ damage. 10) However, this technique is not commonly performed concomitant with fundoplication because an endoscope and clinician who operates the endoscope are necessary during the operation using this technique. Furthermore, this technique requires inflation of the stomach, which might increase the risk of contamination within the abdominal cavity. It is therefore not ideal to perform a gastrostomy concomitant with fundoplication because non-absorbable sutures are used for wrap formation, and artificial materials (e.g., Gore-Tex) are often used for reinforcement in patients with a fragile esophageal hiatus. 22) Moreover, insertion of the endoscope is associated with an inherent risk of complications including mucosal bleeding, esophageal perforation, and dental injury particularly in neurologically impaired children who are often undernourished.
Fixation of the stomach to the abdominal wall (gastropexy) has been described as a method to achieve a safe gastrostomy. 23, 24) Gastropexy prevents dislodgement of the tube and peritonitis in the event of accidental removal of the gastrostomy tube before maturation of the gastrostomy tract.
25) The representative laparoscopic gastrostomy technique performed with gastropexy is the Georgeson's U-stitch technique.
13) The laparoscopic U-stitch technique has gained popularity because it is a relatively simple technique and has shown favorable outcomes.
11) However, after the U-stitches are removed to prevent site erosion on the second or third postoperative day, there exists a 1.5% (confidence interval, 0.4-2.6%) risk of intraperitoneal displacement of the tube secondary to dislodgement. 11) In Japan, the Funada-style gastropexy is popular. Percutaneous endoscopic gastrostomy with a Funada technique was modified to a laparoscopic-assisted method. 26) It is similar to the U-stitch technique, except in the layers of the gastric wall sewn (seromuscular layer using the U-stitch technique vs. all layers using the Funada technique). Thus, the Funada technique is associated with a higher risk of tube dislodgement following suture removal. Another known method is laparoscopic gastrostomy using the T-fastener technique. 27) However, metallic anchors remain within the gastrointestinal tract, and there exists a potential risk of pneumoperitoneum from an eroded T-fastener; 28) therefore, this technique might not be suitable in pediatric patients with thin gastric walls.
The use of two sutures might be associated with the risk of a loose and weak fixation in the gastric and abdominal walls. Additionally, dislodgement following removal of sutures is a known concern, Thus, in agreement with a previous study, 29) we used three sutures in the form of a triangle to achieve a more secure fixation around the gastrostomy tube and decided to maintain the knot subcutaneously to avoid suture removal. Although placing these sutures through a small incision is complicated, placing them laparoscopically is relatively easy such as with the use of the U-stitch or Funada technique. Following a firm fixation of the gastric and abdominal walls, placing a purse-string ligature around the gastrostomy tube becomes unnecessary. A previous study that reported a similar technique 29) has described that this technique showed a higher success rate in reducing the incidence of re-operation after dislodgement of the tube than that with percutaneous endoscopic gastrostomy.
Neurologically impaired children are usually undernourished and show a high intra-abdominal pressure secondary to hypermyotonia, which increases their risk of infection and leakage around their gastrostomy tubes. Nonetheless, the infection rate was significantly lower in the NLP than in the CP group in this study. Additionally, although not significant, external leakage and wound dehiscence occurred less commonly in the NLP group. These findings suggest the superiority of the NLP in severely neurologically impaired children.
Although long-term results are not yet available, our NLP may be an attractive alternative laparoscopic gastrostomy technique, particularly useful when performing concomitant laparoscopic fundoplication. Lately, our laparoscopic method is being used in gastrostomy without fundoplication. Using a single incision and curved forceps, a multi-port laparoscopic procedure can be performed as reduced-port laparoscopic surgery.
In conclusion, we report a NLP in gastrostomy concomitant with fundoplication. Our NLP can achieve stable and firm fixation between the gastric and abdominal walls using sutures placed in the form of a triangle without an additional incision. Our laparoscopic method in gastrostomy is a simple technique and demonstrated a lower complication rate.
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